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Summary
Objective: The aim of this study was to learn whether partial resection of the acetabular labrum would lead to degenerative arthritis in an
ovine model.
Methods: A 2 cm segment of labrum was removed from one hip in 18 mature Swiss Alpine sheep and a sham procedure was performed on
the opposite side. Animals were permitted ad lib activity until sacrifice at 6, 12 or 24 weeks. The hip joint was removed en bloc, and loaded
with a force of one body weight, using a custom device designed to recreate a physiologic joint reaction force. While under load, the joint was
plunge frozen, and then fixed by freeze substitution using aldehydes in methanol/acetone solvents. The entire joint was embedded in
methacrylate and sectioned in a standardized frontal plane following the reaction force and including the femoral neck and the acetabular
fossa. The sections were evaluated for concentricity and evidence of arthrosis. Six hip joints of three sheep with no surgical procedure were
loaded with high or low loads and served as non-surgical controls.
Results: Degenerative changes were present in all surgical hips, but the changes were symmetrical and mild. In 16 of 18 hips, the labrum
regenerated to the extent that dense fibrous scar extending from the surgically denuded origin filled the defect.
Conclusion: Resection of the labrum does not cause rapid degeneration or altered stability of the sheep hip.
© 2004 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
The acetabular labrum is a fibrocartilaginous ring extending
from the acetabular margin and apposed to the femoral
head. Labral abnormalities are now recognized as a cause
of hip pain. The earliest and best-documented cause of
labral injury was trauma, or more specifically, traumatic hip
dislocation1–3. In 1977, Altenberg reported two cases of
symptomatic, non-traumatic labral tears4. With the advent
of new imaging techniques, specifically arthroscopy, CT
and MRI arthrography, labral pathologies could be detected
and characterized without an arthrotomy. It is now known
that at least 50% of labral tears occur without overt trauma5,
and tears have been associated with specific conditions,
such as developmental dysplasia and ‘rim impingement’
between the acetabulum and the femoral neck6–8.
Altenberg was the first of several authors to suggest
a causal relationship between labral tears and early cox-
arthrosis. Harris et al.9 and Cartlidge10 observed that an
entrapped, ‘inverted’ labrum was sometimes present in
arthritic hips. The coexistence of labral injury and arthrosis
was noted by Byers et al. in a cadaver study of arthritic hips
and later in several arthroscopic series4,5,11,12. On the
basis of a large number of arthroscopic observations,
McCarthy et al. have identified a specific ‘watershed tear’
occurring at the junction with the acetabular articular sur-
face, and proposed that this lesion is a likely cause of
coxarthrosis13–15.
If labral tears predispose the hip to arthrosis, the mech-
anism is not obvious. Certainly, entrapment of an unstable
fragment could damage the hip. Another possibility is that
the intact labrum plays an essential role in hip function, for
example, by bearing weight or by sealing the joint16,17.
Understanding the mechanism or mechanisms of joint
damage caused by labral injury is essential when determin-
ing the appropriate treatment for a tear. Pain relief has
been reported in 67 to 89% of the patients after partial
limbectomy5,18–20. On this basis, removal of a disrupted
labrum is considered reasonable clinical practice. If,
however, removal increases risk for arthritis, repair or
observation may be indicated in certain circumstances.
In the case of the menisci of the knee, animal models of
meniscectomy have yielded useful information regarding
the acute and chronic effects of resection and repair21–25.
With this background, the effects of labral resection were
studied here in a sheep hip model. The central hypothesis
of our study was that removal of the labrum would lead to
early degenerative joint disease induced by changes in
pressure distribution within the hip joint.
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Methods
ANIMALS
Twenty-three skeletally-mature female Swiss Alpine
sheep, between 3 and 4 years of age, were used in this
study. Under general anesthesia, a partial labral resection
was performed on one hip of 20 Swiss Alpine sheep
between October 1999 and March 2001. All surgeries were
performed by the same orthopedic surgeon. The side for
resection was chosen randomly, and a sham procedure
was performed on the opposite side under the same
anesthesia. A transtrochanteric approach with dorsal ar-
throtomy was used for all surgeries. During surgery, the
quality of the joint surfaces cartilage was examined grossly
and one sheep with cartilage fibrillation on the lateral
aspect of the femoral head was excluded from the study
group. During histologic evaluation a pyarthrosis was dis-
covered in another sheep, and it also was removed. Thus,
18 sheep (six in each group) were evaluated for the
surgical study.
Six hip joints from three sheep with no surgical procedure
were used as normal non-surgical controls.
The regional animal care study committee (Kantonales
Veterina¨ramt, Zu¨rich, Switzerland) approved the study and
the sheep were maintained in compliance with local laws
governing animal welfare (Permission number: 163/99).
SURGICAL TECHNIQUE AND ANIMAL CARE
Immediately before surgery the sheep were prophy-
lactically injected with tetanus antiserum 2500 IE intra-
muscularly (Tetanus Serum, Veterinaria AG, Zurich
Switzerland), 7 mg/kg gentamicin i.v. (Streuli & Co AG,
Switzerland) and 30 000 IU/kg penicillin G i.v. (Hoechst AG,
Germany). Antibiotic prophylaxis was continued for 3 days
after surgery. In addition, a non-steroidal analgesic,
Carpofen, 4 mg/kg i.v. (Rimadyl®, Pfizer Inc., NY, USA) was
administered once a day for 3 consecutive days.
Sheep were sedated with medetomidine 0.01 mg/kg i.m.
(Domitor®, Orion-Farmos, Turku; Finland) and general
anesthesia was induced with ketamine 2 mg/kg i.v.,
(Narketan® Chassot AG, Switzerland), and maintained with
Isoflurane (Forene®, Abbott AG, Baar, Switzerland) in
100% oxygen.
With the animal in the lateral recumbent position, an arc
shaped skin incision, was made one fingerbreadth cranio-
lateral from the greater trochanter. The anterior border of
the superficial gluteus muscle was identified and retracted
to expose the greater trochanter. A V-shaped trochanteric
osteotomy was performed, allowing detachment of a frag-
ment without disturbing the insertion of the middle gluteus
muscle or the origin of the lateral great muscle. The
capsule was exposed by dissecting the deeper gluteus
muscle and then opened with a T-shaped arthrotomy.
Taking care not to damage the articular surfaces, the
superior one-third of the chosen labrum, approximately
2 cm in length (depending on the size of the acetabulum),
was excised using a #15 scalpel blade. Each segment was
transected sharply at both ends, and removed from its bony
origin. Any remaining soft tissue was meticulously debrided
down to bleeding bone using a rongeur. The capsule was
loosely closed, and the osteotomy was fixed with large
crossed pins and tension band wiring. The fascia was
closed with running sutures and the skin with interrupted
subcuticular sutures and staples. The sham operation
employed the same approach to the hip joint, but without
disturbance of the labrum.
For documentation, plane ventral-dorsal and lateral
X-rays centered on the hip were taken immediately after
both wounds had been dressed. The sheep were not
immobilized after surgery. They stood confined in groups in
a small stable for the first 5 days and were placed in a
larger indoor pen for 6 weeks. For the remainder of the
experimental period, they were allowed to roam free in a
paddock with unrestricted activity. Sheep with a follow-up
longer than 12 weeks were removed to an alpine pasture
during summertime.
LOADING AND FIXATION
At 6-, 12-, and 24-weeks post surgery, groups of six
sheep each were sacrificed by means of a bolt gun and the
hips harvested immediately. Those hip joints and the six
used as non-surgical controls were prepared for histologic
evaluation by loading, flash-freezing and fixation by freeze-
substitution. The entire hip joint including capsule and
adjacent segments of the pelvis and proximal femur was
excised and placed into a device designed to exert a
standardized static load across the joint. The acetabulum
was isolated by saw cuts through the ilium and the rami
2 cm from the joint. The distal femur was removed at a
standard level just below the lesser trochanter. The middle
gluteus muscle and the lateral great muscle were incised
as part of the skeletal preparation, but the muscles directly
apposed to the joint were left on the specimen and the
capsule was untouched. The loading circumstances were
intended to recreate the joint reaction force (R1) described
by Bergmann et al. for the hip joint of a sheep walking
steadily on a treadmill at 3.5 km/h26. The load was applied
through the pelvis by a vertical piston attached to a lever
arm from which weights could be hung (Fig. 1). The piston
was clamped to the pelvis, and the orientation of the
acetabulum was controlled by four set screws in the clamp.
When fixed in the loading device, the hip rested on the cut
end of the femur. Inclination of the femur (abduction and
flexion relative to the fixed acetabulum) was determined by
the plane of the femoral cut. The femoral cut was standard-
ized by using a device that held each femur in a predeter-
mined position of rotation and inclination using the posterior
and distal femoral condylar axes for reference. Separate
left and right holders were used to insure that the femoral
cuts were reproducible and mirror images of each other.
A load of one body weight (BW) was applied to all
surgical hip joints and three non-surgical joints, and a
minimal load (5%) was used for the other three non-
surgical joints.
Each specimen, immersed in 500 cc Ringer’s lactate,
was centered in an insulated container which itself rested
on a Teflon® board that was free to rotate and translate on
ball bearings. After 30 min of static loading, the container
was drained and immediately filled with isopentane pre-
cooled to −160°, in effect plunge freezing the loaded joint
in situ. Temperature was monitored during freezing by 2-Cu
Konstantan thermocouples. The capsular surface reached
a temperature of −80°C after 18 s, and the core of the hip
joint in 42 s. The core had reached a temperature of −100°
at 2 min when the specimen was removed.
Finally, the entire joint was fixed by freeze-substitution of
tissue water according to the protocol of No¨tzli and Clark27.
The entire hip joint was placed in methanol-acetone solu-
tions of acrolein at −80°C for 13 days, then glutaraldehyde
at −20°C for 17 days, followed by 17 days at +4°C in fresh
glutaraldehyde then ethanol substitution over 4 days at
room temperature.
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HISTOLOGY
The whole, fixed specimens were reduced to blocks
1.5 cm in thickness cut in a plane that included the femoral
neck, fovea, acetabular fossa and the area of labral
resection. These slabs were then embedded in methyl-
methacrylate without decalcification. Following polymeriz-
ation, sections of 200–300 µm were cut with a precision
band saw with a diamond blade and ground to a thickness
of c. 80 µm. The plane of the final section was intended to
include the line of the joint reaction force. Reproducible
orientation of each section was achieved by referencing
high-resolution computer tomographic (micro CT) sections
of the intact joint (Scanco 40, Scanco AG, Bassersdorf,
Switzerland) to a fiducial mark cut in the ilium. After
polishing the section, the surface was stained by toluidine
blue for study by light microscopy (LM). One section per hip
joint was obtained.
SPECIMEN EVALUATION
A qualitative evaluation was performed by three indepen-
dent observers using LM at 4× to 100× magnification, and
final interpretation was based on consensus. For reference,
the articular surface of the femoral head was divided into
six regions, one lateral to the acetabulum, three in the apex
and two medial to the fossa acetabulare, when the entire
ischial articulation was included in the section (Fig. 2). To
quantify degenerative joint changes, a score was assigned
to each femoral and acetabular region. We used a system
proposed by Yoshimi et al.28 and modified by Little et al.29
that is based on changes visible in bone and cartilage on
toluidine blue stained sections and ranges from 0 to 29
points. Scores for all degenerative changes were summed
to create an aggregate score for each anatomic region. In
addition to these regional scores, a cumulative score for
each hip joint was obtained by adding the scores from all
regions of the femoral head and the acetabulum.
The condition of the labrum, joint concentricity, surface
contact patterns and sequestration of synovial fluid were
also recorded. Loss of joint congruency, or subluxation,
was defined as loss of concentricity between the bony
contour of the femoral head and acetabulum in regions I to
III. The width, contents and location of any gaps between
the articular cartilage surfaces were noted. Fixation quality
of the articular cartilage was graded on the basis of
metachromasia, integrity of the collagen matrix (absence or
presence of ice crystal voids) and the appearance of cells
and their surrounding lacunae.
In addition to histology, micro-CT scans sections
were evaluated for the presence of bony changes (cysts,
osteophytes, subchondral bone thickening) and for joint
concentricity.
STATISTICAL ANALYSIS
The histological scores and contact patterns from pairs of
surgical hips with and without labral resection were com-
pared by the paired t-test, the non-parametric, paired Sign
test and the paired Wilcoxon signed ranks test. For the
resection and sham groups, the effect of time was analyzed
by two-factor analysis of variance, (ANOVA) and the
Kruskal–Wallis test. The distribution of degenerative
changes within individual joints was compared using the
paired t-test. The surgical and the non-surgical control
joints were compared by the unpaired t-test. The groups
were compared by each individual region, and on the basis
of the cumulative score for the entire femoral head and
acetabulum. A P less than 0.05 was considered significant.
Results
All sheep survived surgery and the intended post opera-
tive period without evident illness. X-rays after surgery
showed an anatomic reduction of the greater trochanter
fragment in every case. The only relevant surgical prob-
lem was non-union of the greater trochanter fragment,
observed during specimen preparation in 70% of the hip
joints (11 bilateral, six unilateral, 13 in controls, 15 with
resection). This complication had no apparent effect on
Fig. 1. Loading device: a lever arm is used to transmit load to the hip joint. The joint is allowed to rotate freely by a ball-bearing plate placed
underneath limiting constraints.
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normal gait or activity of the animals. One sheep in the
12-week group had an obvious limp for 4 weeks, due to a
transient sciatic neuropathy that recovered completely. All
sections followed the desired plane, included the regions of
interest and were virtually identical by individual right to
left comparison. The amount of ischial articular surface in
the section (regions IV and V) varied due to anatomical
differences in size of the fossa.
EVALUATION OF LOADING
Direct contact between the femoral and acetabular
articular surfaces in regions I to III was evident in 26 of 36
surgical joints, but only in one of the six non-surgical
controls. In the other joints, the articular surfaces in regions
I to III were separated by a space 0.1 mm to 0.4 mm wide,
which, on the basis of color and texture, appeared to
contain entrapped joint fluid. Slight (less than 20 µm) sep-
aration of the surfaces was sometimes present in regions of
presumed contact, but the surfaces were congruent and
the gap was clear, indicating that opposed cartilage sur-
faces had floated apart during preparation. Contact in
regions IV and V was rare. In 23 of the 26 surgical joints
with cartilage to cartilage contact, the contact area was
peripheral, i.e. in regions I and II. In the other three the
contact was adjacent to the acetabular fossa in region III.
Congruence in minimally loaded non-surgical hips was
poor. On the contrary, in those preparations with a load of
one BW, overt subluxation of the femoral head was not
observed on micro-CT scans or on histological sections;
even those hips with no evidence of cartilage surface
contact were grossly concentric (Fig. 3a, b).
The fossa acetabulare always contained the ligamentum
teres, synovial membrane, a fat pad (pulvinar) and, in all
the 27 hip joints with articular contact, a variable amount of
precipitated joint fluid. The fluid tended to pool on the lateral
aspect of the fossa, and this fluid space was continuous
with any space between the joint surfaces in region III in
joints with a lateral contact pattern. Thus, the fluid space
appeared to be sequestered or trapped within the fossa in
joints with articular surface contact. As with the surface
loading patterns, the distribution of joint fluid was not
affected by labral resection.
HISTOLOGIC EVALUATION OF TISSUE FIXATION
The quality of cartilage fixation observed in the regions
I through III was excellent or good in 31 of the 36 surgical
hip joints and in two of the six non-surgical controls. The
other specimens exhibited voids that separated the colla-
gen fibers, distorted cells and disturbed the homogeneity of
background staining in patterns typical of ice crystal forma-
tion (Fig. 4a, b). By light microscopy, this crystal formation
did not disrupt cartilage integrity to the extent that collagen
fibers or the articular surface were broken, and thus it did
not obscure degenerative changes.
Cartilage morphology within regions I, II and III was
typical of that reported in other species and joints. The
cartilage on the lateral part of the femoral head, in region 0,
was thicker than elsewhere in the joint. All well-fixed
articular cartilage displayed metachromasia, that is, purple
staining of the cartilage matrix. The intensity of staining
varied, and was most intense in areas of contact between
femoral head and acetabulum.
LABRAL STRUCTURE
In both sets of controls, the labrum was composed of
collagen fibers arranged in a pattern identical to that
described in studies of human and bovine hip, and thus
was easily recognized (Fig. 5). One labrum in the sham
group contained an intrasubstance cyst. Sub-periosteal
new bone formation on the lateral ilium superior to the
labral origin was sometimes present in the operated hips.
Replacement of the normal labrum by dense fibrous
tissue was identified in 16 of the 18 hips which had
undergone resection (Fig. 6). In the other two hips, one at
6 weeks and one 24 weeks after resection, no new tissue
was present in the void (Fig. 7). In these two joints, the
Fig. 2. Scheme of the regions applied to the frontal sections to facilitate evaluation.
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calcified fibrocartilaginous region of the labrum was intact
and did not show tidemark duplication or other signs of
remodeling. In those hip joints displaying replacement of
the labrum, distinctive marks from the rongeur used to
complete the debridement were often visible, and remodel-
ing of the subchondral bone with ingrowth of new blood
vessels was observed. The regenerated scar tissue con-
tained fibers that appeared to penetrate this remodeled
bone. Tissue replacing the labrum faithfully recreated its
triangular shape, but did not possess the central band of
circumferential fiber bundles characteristic of the normal
structure. Its cross sectional area was always larger, by
roughly 130%, compared to that of the opposite, untouched
labrum.
HISTOLOGICAL GRADING OF CARTILAGE
Mild osteoarthritic characteristics were present in all
surgical and non operated control joints. The scores for
each animal group (mean±SD), broken down by histologi-
cal variable and anatomic region, as well as aggregate
scores, are shown in Table I and Table II. Cumulative
scores for each joint are shown in Table III. The aggre-
gate and cumulative scores from hips with labral resection
were not significantly different from those of the sham
hips, and scores did not increase significantly with time
(P>0.05). The cumulative joint scores of the surgical hips
were equivalent to those of non-surgical controls. How-
ever, the incidence of degenerative changes varied by
Fig. 3. High resolution microtomographic scans of one pair of operated hip joints. The labrum has been removed on the left side (A) and a
sham operation has been preformed on the other side (B). A load of one body weight has been applied. The plane of the sections includes
the line of joint reaction force. Note congruency of both joints and the absence of degenerative changes.
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region. With the exception of cell cloning, which was more
prominent in all groups, scores for histological variables in
region 0 of the femoral head in the surgical groups were
significantly higher than those in non-surgical controls and
significantly higher than in other regions within the surgical
groups. Because of irregularity of the subchondral plate
with interruption of the tidemark, scores in acetabular
region III were significantly elevated when compared to
other regions, but this pattern was also present in the
non-surgical hips, and not significantly different in the case
of arthrotomy. Neither subchondral cysts nor marginal
osteophytes were present on the histological sections
Fig. 4. Cartilage fixation quality (magnification 10×). Contact area between acetabular (top) and femoral head (bottom) cartilage in zone II
showing metachromasia and very good preserved collagen matrix and chondrocytes (A). In cartilage outside the direct contact area crystal
formation is becoming more evident by voids in the collagen matrix and ballooning of chondrocytes (B, femoral cartilage on bottom).
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or micro-CT images of any hip joint in the study
(Fig. 3a, b).
Discussion
This study demonstrated no significant alterations in the
sheep hip joint up to 6 months following partial resection of
the labrum. While degenerative changes were evident and
more common than in joints not subjected to arthrotomy,
these were mild, focal and equivalent in the two surgical
groups compared. No surgical29,30animal had osteophytes,
cysts or erosion and none had unusual joint space narrow-
ing or luxation under loaded conditions. These findings
suggest that labral injury does not dramatically disrupt hip
joint mechanics in this model. By comparison, total or
subtotal meniscectomy leads to overt arthrosis in rabbits
and the sheep over equivalent time periods22,24,29,31. For
example, aggregate scores for critical regions in Little et al.
were as high as 12 and 16, while the highest score
Fig. 5. Normal intact labrum and its transition to the acetabular cartilage. Note the cartilage contact in zones I and II and thinning of the
acetabular cartilage towards the fossa, on the right side. The labrum has a triangular shape and shows the characteristic pattern with fibers
in the inner layer running parallel to the bony margin.
Fig. 6. Labrum regeneration. The fibers in the inner layer run radial from the bony origin to form a triangular shape as in the normal labrum.
The tide mark underneath the labrum is irregular. Note the swelling of cartilage and fibrillation in zone 0.
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recorded here was 3.1 and roughly equivalent to the
meniscectomy controls.
The sheep was chosen because of its size and relatively
constant labral anatomy and because the mechanics of the
ovine hip have been characterized by Bergmann26. As with
any animal model, post-surgical activity may not be normal.
This concern was compounded by the common occurrence
of non-union of the trochanteric osteotomy. However, only
one animal limped and all returned to apparently full activity
in a short time. It was presumed that non-union did not
disrupt hip function because the fragment with its muscle
attachments was stable. Due to the bilateral surgery, one
hip could not be favored, and no difference was seen
between animals with non-unions, either in activity or by
histological evaluation. The other factor that might limit the
severity of observed degenerative changes is time after
surgery. However, significant morphological changes are
evident by 6 months in goat, sheep and dog meniscectomy
models21,25,29.
Resection of a segment of labrum was chosen because
resection should destroy its capacity to bear hoop stresses
or to form a seal. Partial resection also simulates therapeu-
tic removal of a torn labrum in human patients. The model
does not create the situation where a fragment of torn
fibrocartilage is trapped in the hip joint where it can cause
direct damage. While entrapment has been postulated as a
cause of arthrosis, unstable fragments are not usually
described in arthroscopic series, cadaver studies and MRI
studies. Instead, McCarthy et al. noted that ‘watershed’
tears where the labrum is separated from the joint along its
interface with the articular cartilage but not entrapped, are
associated with arthritis15.
In all but two of 18 animals, the resected labrum was
replaced by fibrous scar that approximated the original
labrum in density, shape, size and location in proximity
to the femoral articular surface. This response was
unexpected because other intra-articular fibrocartilages in
human conditions and animal models typically do not
regenerate. It is possible that this new tissue restored
normal function and thus forestalled joint degeneration,
although, in the case of reconstructed menisci, the mech-
anical properties of the new tissue are abnormal and
specifically do not bear hoop stresses efficiently25. The
regenerated tissue in this study was dense, fibrous and
fixed to the bone, but did not reproduce the normal collagen
structure. Specifically, large circumferential fibers were not
evident. In the two cases where no fibrous scar formed,
debridement of the fibrocartilaginous base of the labrum
may have been less extensive. It is possible that exposure
of bleeding bone enhances scar formation.
Using conventional criteria for degenerative arthritis,
both the medial acetabulum and the lateral aspect of the
femoral head were abnormal in comparison to other
regions of the joint surface examined here. Apparently,
the changes in the cartilage over the lateral aspect of the
femoral head where induced by surgery itself, since
they were significantly more pronounced in operated hips.
Exposure to air, local inflammation at the site of capsular
repair and mild trauma are possible etiologies. Another
factor could be the absence of a tightly conforming capsule,
since the repair directly over the head was purposefully
loose. Because the central part of the acetabulum in region
III frequently did not articulate with the head in our loaded
specimens, it is possible that the subchondral remodeling
observed there reflected this mild incongruity.
Although technically difficult, histological preparation of
the joints while under load provided important information
in this study. Joint injury causes changes in the mechanical
properties of the articular cartilage that are manifested prior
to development of overt morphologic changes23,32. Had the
stiffness of articular cartilage declined in response to labral
resection, one would expect to observe asymmetrical joint
space narrowing under load. Messner et al. demonstrated
that radiographically evident joint space narrowing was
independent of morphologic changes in a rabbit meniscec-
tomy model24. The absence of unusual narrowing corre-
sponds to the fact that cartilage matrix staining was
equivalent in both groups. That is, proteoglycan content
Fig. 7. No regeneration after incomplete surgical removal. A small part of the original labrum is still present (arrow) but the typical local
triangular shaped structure is missing.
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Table I
Femoral head cartilage: histological grading (mean±SD) for OA in operated hips and non surgical controls
Zone Structure Cellularity Cell cloning Territorial toluidine blue Interterritorial toluidine blue Tidemark/subchondral bone Aggregate score
0 Labrum removal (n=18) 0.8±1.2*,† 0.4±0.5*,† 0.2±0.4* 0.4±0.5*,† 0.9±0.6*,† 0.4±0.8*,† 3.1±2.5*,†
Sham (n=18) 0.3±0.7*,† 0.7±0.7*,† 0.5±0.9* 0.4±0.5*,† 0.9±0.8*,† 0.1±0.3*,† 3.0±2.6*,†
No surgery (n=6) 0.3±0.8 0.0±0.0 0.3±0.5 0.0±0.0 0.0±0.0 0.2±0.4 0.8±1.0
I Labrum removal 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.2±0.4 0.3±1.0 0.5±1.0
Sham 0.0±0.0 0.0±0.0 0.0±0.0 0.06±0.2 0.1±0.3 0.0±0.0 0.2±0.4
No surgery 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.8±0.4 0.0±0.0 0.8±0.4
II Labrum removal 0.0±0.0 0.06±0.2 0.0±0.0 0.06±0.2 0.2±0.5 0.06±0.2 0.3±1.0
Sham 0.0±0.0 0.06±0.2 0.0±0.0 0.1±0.5 0.2±0.4 0.2±0.7 0.5±1.1
No surgery 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.8±0.4 0.8±0.4
III Labrum removal 0.0±0.0 0.0±0.0 0.0±0.0 0.1±0.3 0.2±0.6 0.2±0.7 0.6±1.4
Sham 0.0±0.0 0.06±0.2 0.0±0.0 0.06±0.2 0.4±0.6 0.2±0.7 0.7±1.1
No surgery 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 1.0±0.0 0.5±0.5 1.5±0.5
IV Labrum removal 0.4±0.7 0.2±0.5 0.0±0.0 0.2±0.4 0.6±0.7 0.07±0.3 1.5±1.7
Sham 0.4±1.1 0.1±0.3 0.0±0.0 0.2±0.4 0.5±0.6 0.06±0.2 1.3±1.6
No surgery 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.8±0.4 0.2±0.4 1.0±0.6
V Labrum removal 0.4±0.7 0.2±0.6 0.0±0.0 0.3±0.6 0.8±0.9 0.3±0.8 1.9±2.1
Sham 0.3±0.7 0.3±0.6 0.06±0.2 0.2±0.4 0.7±0.7 0.2±0.5 1.9±2.1
No surgery 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.8±0.4 0.3±0.5 1.2±0.4
*P<0.05, when comparing zone 0 to all other regions from the same hip joint (from I to V).
†P<0.05, when comparing zone 0 in non-surgical controls to zone 0 in surgical hip joints.
n=number of hip joints.
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Table II
Acetabular cartilage: histological grading (mean±SD) for OA in operated hips and non surgical controls
Zone Structure Cellularity Cell cloning Territorial toluidine blue Interterritorial toluidine blue Tidemark/subchondral bone Aggregate score
I Labrum removal (n=18) 0.0±0.0 0.0±0.0 0.0±0.0 0.06±0.2 0.2±0.5 0.0±0.0 0.3±0.7
Sham (n=18) 0.0±0.0 0.1±0.5 0.0±0.0 0.06±0.2 0.06±0.2 0.3±1.0 0.5±1.0
No surgery (n=6) 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.8±0.4 0.0±0.0 0.8±0.4
II Labrum removal 0.0±0.0 0.06±0.2 0.0±0.0 0.06±0.2 0.3±0.6 0.3±0.8 0.7±1.5
Sham 0.0±0.0 0.06±0.0 0.0±0.0 0.2±0.7 0.2±0.4 0.06±0.2 0.5±1.1
No surgery 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.8±0.4 0.0±0.0 0.8±0.4
III Labrum removal 0.0±0.0 0.0±0.0 0.0±0.0 0.06±0.2 0.5±0.8 1.4±1.1* 1.9±1.5*
Sham 0.0±0.0 0.1±0.3 0.1±0.5 0.06±0.2 0.7±0.9 1.8±1.3* 2.8±2.2*
No surgery 0.0±0.0 0.0±0.0 0.2±0.4 0.0±0.0 1.0±0.4 0.5±0.5* 1.7±0.8*
IV§ Labrum removal 0.1±0.3 0.3±0.5 0.5±0.5 0.3±0.5 0.6±0.7 0.4±1.0 2.2±1.9
Sham 0.07±0.3 0.3±0.5 0.5±0.7 0.5±0.9 0.8±1.0 0.0±0.0 2.1±2.4
No surgery 0.3±0.8 0.0±0.0 0.2±0.4 0.0±0.0 0.8±0.4 0.0±0.0 1.3±1.4
V§ Labrum removal 0.2±0.7 0.3±0.5 0.7±0.5 0.3±0.5 0.8±0.8 0.1±0.3 2.4±1.7
Sham 0.08±0.3 0.4±0.7 0.4±0.5 0.4±0.8 0.7±0.7 0.3±1.1 2.4±2.6
No surgery 0.7±1.0 0.0±0.0 0.2±0.4 0.0±0.0 0.8±0.4 0.3±0.5 2.0±1.3
*P<0.05 when compared to other zones from the same hip joint.
§Area of joint surface available for evaluation varied with plane of section.
n=number of hip joints.
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was not visibly different among the specimens. The quality
of fixation was consistently better in the loaded regions of
high-load joints. This suggests that ice crystal formation is
inhibited by pressure, or expression of non-bound water
from this cartilage. It is our assumption that cartilage in
zone 0 over the femoral head was thicker and less densely
stained because it was not compressed by an opposing
surface. Specifically, the articular cartilage beneath an
intact labrum was typically thicker than the adjacent
femoral cartilage covered by the acetabulum. This sug-
gests that, in comparison to the meniscus, the labrum
does not accept large compressive forces or expand the
functional surface area of the acetabulum.
Loading also provides an assessment of joint congruity
and stability. Histology of whole joints preserved in a loaded
state provides a perspective that is lost during conventional
dissection. Joint fluid entrapment, which has been pro-
posed as a function of the normal labrum, was evident, and
occurred in the absence of a labrum. No subluxation or loss
of concentricity was observed up to 6 months following
resection. Labral tears are associated with hip subluxation,
but, as Tschauner and Hofmann proposed, the labrum
tears because it is acting as a secondary restraint in
dysplastic hips due to the underlying abnormal bony
anatomy to contain the femoral head33. Thus, resection or
tearing of the labrum in a shallow dysplastic hip could be
expected to have different effects that would not occur in
these sheep joints that apparently are stable due to bony
congruency.
In addition to dysplasia, labral tears are associated with
other conditions, including trauma, impingement, slipped
capital ephiphysis and Perthes disease, that bear indepen-
dent risks for arthrosis. These conditions will place abnor-
mal stresses on the labrum as well as the articular
cartilage7,34–38. Degeneration of the labrum is common in
asymptomatic hips, and may be an effect of aging or a
result, rather than a cause, of joint degeneration39–41.
Therefore, the coexistence of labral and articular lesions is
in itself not proof of a causal relationship between the two
conditions. This study lends support to the concept that
resection of the labrum does not lead to frank degeneration
in an otherwise normal hip joint.
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